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Ms. Jean Holdren
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P.C. Box 1625, MS 2107
Idaho Falls, iD 83415

Support Documentation: Estimation of Uranium-235 Surface Soil Concentrations
Based on Mass Unrecovered at the BORAX-1 Burial Grounds

Dear Jean:

IT is pleased to submit the attached documentation to support estimation of possible uranium
{U)-235 surface soil concentrations and activities based on the mass of U-235 unrecovered at the
BORAX-I burial ground. This information was developed as a result of public comment on the
SL-1 and BORAX-I proposed plan regarding the possibility for soil washing to recover the U-235
remaining at the site. Response to the comment involved estimation of the U-235 concentration
in mg/kg. This idea was taken one step further to provide additional information for the
uncertainty discussion in Section 6: the concentration of U-235 in mg/kg was converted to pCi/g
for comparison to the soil sampling analytical data. The calc briefs detailing the estimates are
attached.

Two different soil volumes were used in the estimates to provide a better understanding of the
possible range of concentrations at the site. The first volume was based on the entire gravel-
covered area (84,000 ) and a depth of one foot. The second voiume (also one foot deep) was
restricted to the areas found with radiological fields above 20 pR/hr in surveys conducted in 1978
(14,700 ft%). A soil density of 1.5 g/cm® was assumed, consistent with the density used in the
baseline risk assessment for BORAX-I. Results of the caiculations are presented in Table 1.

Table 1. Estimated U-235 surface soil concentrations and activities.

Soil Volume (cubic feet) Concentration (mg/kg) Activity (pCi/g)
84,000 1 2
14,700 6 13
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If you have any questions, please call me at 505-662-1236.
Respectfully submitted,
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Attachment 1

Calc Brief: BORAX-| Surface Soil Uranium Concentration
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Purpose:

Assumptions:

ez

BORAX-] Surface Soil

Uranlum Concentration
To determine the concentration of uranium in the surface soils in mg/kg.
The soils contain 3.7 kg of uranium evenly distributed throughout two different
volumes of surface soil: an area of 84,000 f* to a depth of 1 ft, and 14,700 ff
to a depth of one foot (see attached figure).

The soll density is 1.5 g/cm®.

Calculation: 84,000 f£ volume

mg of uranium:

3.7 kg [‘Of(g’“g] = 3.7 x 10° mg.

kg of soii:

84.000 ft3 [12ﬂinT [16.3?73 cmaJ - 2.378.605,824 cm’®
in

15 g/em? (2,378,605,824 cm?) = 3,567,908,736 g

3,
3,567,908.736 kg

uranium concentration based on 84,000 f*:

3.7 x 10® mg

concentration = =
3,567,908.736 kg

= 1.037 mg/kg
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BORAX-1 Surface Soil
Uranlum Concentration
Continued

Calculation: 14,700 f£* volume

kg of soil:

14,700 ft2 [12ﬂ"‘j [15-3*?73 Cm"] - 416,256,019.2 cm®
in

1.5 g/cm? (416,256,019.2 cm?) = 624,384,028.8 g
= 624,384.03 kg

uranium concentration based on 14,700 ft:

3.7 x 10° mg
624,384.03 kg

concentration = = 5.9 mg/kg
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Attachment 2

Calc Brief: BORAX-| Surface Soil Uranium Activity
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BORAX-] Surface Soll
Uranium Activity

Purpose: To determine the uranium activities in pCi/g based on the concentrations in mg/kg
as determined in Attachment 1.

Reference: Radiological Health Handbook, Revised Edition, January 1970 (see attached).

Given: The specific activity of U-235 is 2.14 x 10° pCi/g (Radiological Health Handbook,
see attached).

Calculation: Based on U-235 soil concentration of 1.037 mg/kg

1.037 mg,, 1 A 1 kg(sm.,, (214 x 10° p Ci/g(U,)
kg(w,,) 1,000 mg 1,000 g,

= 2.22 pCi/g

Calculatlon: Based on U-235 soil concentration of 5.9 mg/kg

. 1 1 kg, '
5-9 M, v e |(2.14 x 10° pCilg)
Q<o 1,000 mgy, || 1,000 g,

= 12.6 pCi/g.
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SPECIFIC ACTIVITY

LI SR,
i

T

Radionuclide Half-Lifa Pf:';::z Radionuelide | Half-Life pf:’é;:m
Hydrogen~3 12,3y 9.64x10° | Molybdenum=99 67h 4.72x15°
Carbon=14 5730y 4.46 Tachnetium-99m 6.0h 5.28x10%
Nicrogen-16 7.23 9,79x10°° | Ruthentum-106 367d 3.36x10°
Sodium«22 2.60y 6.25x10° lodinasl28 60d 1.74x.0*
SodLlum=24 15.0h 8.71x10° | Iodine-130 12,40 1.94x108
Phosphorus-32 16.34 2.85x10" | lodine-131 8.054 1.26x10°
Sulfur-35 88d 4, 24x10 Barium-133 7.2y 374
Chlorine-36 3.ixi0ty 3.21x10°% | Casium-134 2.08y 1.30x10°
Argon-41 1.83k 4.18x1¢7 Cantum-137 30.0y 87.0
Potassium-42 12.4h 6.02x10° Barium-140 12,84 7.29x10%
Calcium=4$ 1654 1.76x10* Laathanum-140 40.22h s 57x1gt
Chromium-31 27.84 9.21xLe* Cerium=l4l 33d 2.81x19%
Manganese-54 3024 7.98x10 | Carium-lés 2844 3.1¢x10°
Iron=55 2.6y 2. 50x10° Prasscdymium-146 17.3m 7.35x107
Mangansse-56 2.576h 2.17x10” Promethium-147 2.62y 929
Cobalc-37 2704 8.48x10° | Tantalum-182 1154 §.26x.C°
1rona59 454 4,92x10* | Tungsten-183 754 9,41x10°
Nickel-59 ax10%y 7.58x107% { Iridiume192 76.2d 9.17x10°
Cobalt-60 5. 26y 1,13x10° | Gold-198 64.8h 2.64x10°
Nickel-63 92y 6L.7 Gold-199 “75.6h 2.08x18°
Copper-64 12.8h4 3.83x10° | Mareury-203 46.9d 1,37x10%
Zine-65 2454 8.20x10% | Thallium«204 3.8y 462
Galliume72 14.1h 3.09%x10* | Polooium-210 138.4d 4.49x10"
Arsenic-76 26.5h 1.56x10° | Polonium=212 304ns 1.78x10%7
Bromine-82 1%,34h 1.08x10° RadLum=226 1602y 0.988
Rubidium-86 18,664 8.14x10* ] Thoriume232 1.61x10*%  1.09x1077
Strontium-89 524 2.82x:0* | .Uraniume233 1.62xt0%y  §.e8x107°
Strontium-50 28.1y 141 Thorium-234 26,14 2.32x1C*
Yeerium-90 64h 5.46x10" | Urantum-23K'S 7.1x10%y 2.14x10°*
Yeerium-91 $8.84 2,64x10* | Uranium-238 o.81x10%y  3.33x1077

Plutoniume239 2.66x10y  6.13x10°°
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